Background information
The US Department of Defense (DoD) invests considerable resources in global efforts to detect, analyze and prevent the spread of influenza and other respiratory infections within host-country and DoD beneficiary populations. Physical crowding, rapid mass movement, physical stress and immunological naïveté render military populations especially susceptible to outbreaks of respiratory illness. [1] [2] [3] [4] [5] [6] [7] This is especially true of basic recruit and trainee groups in whom rates of acute respiratory infections have been traditionally higher than in older, seasoned troops. 8 Simultaneously, the DoD seeks to limit the potential for spreading influenza, given the role of militaries in 1918 and other notable pandemics. 9 The DoD Global Emerging Infections Surveillance and Response System (DoD-GEIS), a division of the Armed Forces Health Surveillance Center (AFHSC) since early 2008, centralized DoD influenza and other respiratory disease surveillance efforts in 1998 and subsequently expanded worldwide surveillance and response initiatives starting in 2006. 4, 10, 11 The goal of the DoD influenza surveillance system is to identify and characterize antigenically diverse strains that threaten military beneficiary populations and global public health, and to work in collaboration with the US Centers for Disease Control and Prevention (CDC), the Food and Drug Administration (FDA), the World Health Organization (WHO), and other relevant organizations to develop vaccines and other effective responses. The system is built around a network of hub and satellite laboratories, with many joint ventures with host countries.
In January 2005, the US Congress passed H.R. 1815, Sec. 748: Pandemic Avian Flu Preparedness, providing DoD the opportunity to expand and strengthen its system. 12 The role of AFHSC ⁄ GEIS was further delineated in national and DoD influenza strategy documents. [13] [14] [15] With the third year of expanded operations concluded (2006) (2007) (2008) , and with the onset of the first pandemic of the 21st century due to a novel (H1N1) 2009 virus, this study endeavors to supplement previously published system description and achievements in 1998-2005, 11 and outline subsequent added system value, summarizes its expansion and growth, and outlines areas for further development. This study will not only focus on laboratory-based surveillance, the backbone of AFHSC ⁄ GEIS influenza surveillance efforts, but also highlight complementary training and preparedness initiatives.
The system characteristics and functions
All DoD surveillance sites track influenza-like illness (ILI) or febrile respiratory illness (FRI) and adhere to a standard case definition for enrolling participants and obtaining samples: oral temperature ‡38°C and a cough, sore throat or difficulty in breathing for £72 h. Because many participants are seen in a clinical setting, the system is multilayered, working to provide accurate and timely results to stakeholders while rapidly identifying the epidemiologically relevant characteristics of the virus and feeding this information, and sometimes the original specimen or isolate, into the WHO's Global Influenza Surveillance Network (GISN) via the US CDC or other WHO Collaborating Centers.
The system can be roughly divided into host-country population surveillance and global DoD beneficiary population -the armed forces and their families -surveillance. Host-country surveillance is coordinated by the DoD's five overseas medical research laboratories (Table 1) Surveillance within DoD beneficiary populations is coordinated through USAFSAM and the Department of Respiratory Disease Research at the US Naval Health Research Center (NHRC) in San Diego, California. Samples, accompanied by an epidemiologic questionnaire and the results of an influenza rapid test when available, are tested for a battery of likely respiratory pathogens (including influenza, parainfluenza, adenovirus, respiratory syncitial virus, rhinovirus and human metapneumovirus).
In addition to samples from the overseas laboratories, USAFSAM also receives routine samples from a network of sentinel sites at DoD healthcare facilities and tracks the active duty and dependent population outpatient visits through weekly review of 11 ILI-related International Classification of Diseases-9 codes in the military's Standard Ambulatory Data Record system. Moreover, any US Air Force medical facility experiencing elevated ILI rates (>2 standard deviations of expected) is engaged and encouraged to submit samples as part of the surveillance system for the duration of this increased activity. NHRC conducts population-based FRI surveillance among trainees at the eight largest domestic recruit training facilities for the four US Armed Services and the Coast Guard. Recruits constitute a high-risk population, combining immunological naïveté, high degree of physical and mental exertion, and crowding, and often receive their first influenza vaccine at the commencement of training. 1, 2, 7, 8 Surveillance is also carried out on at least 20 US Navy ships from three fleets based in Norfolk, VA, San Diego, CA, and Yokosuka, Japan. Deployments often expose sailors to farreaching influenza and other respiratory viruses across the world, especially at ports-of-call.
AFHSC ⁄ GEIS also supports ILI surveillance at six civilian clinics straddling the California-Mexico border as part of the Border Infectious Diseases Surveillance project, a joint NHRC and CDC engagement. A specimen from the second recognized US case of the novel (H1N1) 2009 pandemic influenza virus was obtained in this surveillance study. 16, 17 In addition to the US Mexico border-monitoring effort, the AFHSC ⁄ GEIS also supports three DoD research laboratories in monitoring influenza among US Foreign Service personnel and their dependents at over 80 US Embassies worldwide.
Active-duty US service members, who are highly immunized and whose dependents are well-documented, also provide a valuable population for studies of annual influenza vaccine effectiveness (VE). NHRC conducts population-based VE studies at its eight recruit training FRI surveillance locations 18, 19 and USAFSAM derives its VE estimates based on a field-expedient method involving a cohort from the immediate family members of active-duty personnel and influenza-positive index cases in the US Air Force. Additionally, population-based, active duty component, non-recruit military service members are routinely included in periodic assessments conducted by AFHSC epidemiology staff looking at vaccine-specific VE estimates to better inform military vaccination policy. 20, 21 Annual results from studies of global strain diversity and subtype-specific VE are presented to the FDA's Vaccine and Related Biologic Products Advisory Committee for influenza vaccine strain selection and also assist the DoD in evaluating the effectiveness of its annual influenza vaccination efforts.
Expansions and enhancements in 2006-2009
The AFHSC ⁄ GEIS influenza surveillance system expanded significantly between 2006 and 2008. The expansion focused on enhancing pandemic preparedness, both within the DoD and globally via support of host-country detection and reporting capabilities required by the revised International Health Regulations 2005 (IHR 2005). 22 The enhancement strategy identified a set of priorities, including: (i) expanding the geographic breadth and diversity of ILI and FRI surveillance; (ii) increasing the number of ILI and FRI samples; (iii) enhancing the diagnostic capabilities of DoD laboratories, with a focus on high-throughput H5 screening and increased biosecurity; (iv) enhancing the surveillance and laboratory capabilities of host-country collaborators, through training and infrastructure enhancement; (v) investing in novel surveillance and diagnostic techniques and studies; and (vi) enhancing the preparedness of DoD combatant and regional medical commands through trainings and exercises.
Between 2005 and 2008, the network tripled the number of countries routinely submitting specimens [ Table 2 ]. This included an expansion in South America from 2 countries to 10, as well as significant expansions in Africa, the Middle East and Asia. 23 Many of these represent the only sites where influenza isolates were submitted to the GISN from these countries, and have significantly improved host-country compliance with the revised reporting requirements of the IHR 2005. 22 The number of ILI specimens tested in the laboratory for influenza also more than doubled during the 2005-2008 period in question. This growth reflects expansion in the number of countries, the number of sites within each country and the capacity of the principle partner laboratories. In addition, further enhancements in the year 2009 have resulted in influenza surveillance being implemented at 491 sites in 75 countries (Figure 1) . The actual number of isolates submitted to the CDC declined slightly during the period in question. However, this likely represents improved efficiency, as the characterization capabilities at partner laboratories have grown, and most partners have the capability to submit full or partial hemagglutinin sequence information to CDC along with specimen typing and subtyping information. This enables CDC to request a smaller, better targeted subset of isolates and original samples. Additionally, challenges by the Indonesian government to the WHO's practice of influenza virus sharing hindered work within Indonesia after January 2007.
Because of the geographically unique areas represented by the DoD surveillance system, the isolates and original specimens that it submits are often valuable in assisting the FDA and the WHO to construct their recommendations for influenza vaccine composition. Table 3 
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AFHSC ⁄ GEIS has also invested heavily in increasing the biosecurity and diagnostic capabilities of network laboratories. As more regional network laboratories are upgraded to biosafety level 3 (BSL-3) status, potential novel influenza strains can be diagnosed locally in a more timely fashion than under the previous, highly centralized model, further supporting IHR 2005 reporting compliance. Since 2006, AFHSC ⁄ GEIS has funded the upgrade of six network laboratories to BSL-3 status, to bring the network total to nine. Three upgrades are complete, and the remaining three are on-track to be operational by the conclusion of 2010. Additionally, AFHSC ⁄ GEIS has supported the construction or renovation of BSL-2 laboratories in more than 13 countries. At these laboratories, AFHSC ⁄ GEIS has funded the expanded use of PCR-based screening platforms (including the FDA-approved Human Influenza Virus Real-Time RT-PCR Detection and Characterization Panel developed by the CDC) in order to identify highly pathogenic strains prior to growing them in culture. As a consequence, all laboratories have increased their specimen testing capacity Furthermore, AFHSC ⁄ GEIS projects in host-countries have funded laboratory equipment, supplies and training to increase the surveillance and diagnostic capabilities of these collaborative endeavors. All contributing laboratories and clinical surveillance sites are provided with the equipment needed to obtain, store and ship quality respiratory specimens. Training programs have focused on laboratory diagnostic and isolation techniques, outbreak responses, and institution review board and human use protocols.
AFHSC ⁄ GEIS has also invested in a number of novel surveillance approaches. Partner organizations are carrying out community and household-based cohort studies to examine the transmission of influenza from birds, pigs and horses to humans in high-exposure settings in Southeast Asia (Thailand and Cambodia), Central Asia (Mongolia), West Africa (Nigeria) and Eastern Europe (Romania). In South America, AFHSC ⁄ GEIS has also supported the expansion of ALERTA, a real-time electronic disease reporting system in four countries that is optimized for resource-limited settings. 28, 29 AFHSC ⁄ GEIS has established the capability through partners to perform routine serologic studies of influenza exposure and seroconversion utilizing the DoD's serum repository -the largest in the world. 30 AFHSC ⁄ GEIS is also working to reduce the DoD's reliance on influenza rapid tests in austere settings through a joint venture with the CDC and FDA to add an influenza A ⁄ H5 and novel A ⁄ H1-specific real-time PCR assay to a ruggedized field-deployable JBAIDS (Joint Biological Agent Identification and Diagnostic System) package already in use at over 300 US military clinics and hospitals worldwide. Furthermore, future expansion and inclusion is being sought to add the CDC influenza panA, panB, A ⁄ H1, A ⁄ H3 and A ⁄ H7 assays.
AFHSC ⁄ GEIS has additionally sponsored regional training seminars for DoD pandemic planners and public health professionals around the world to accelerate the implementation of DoD-wide and international pandemic preparedness efforts. Since 2006, AFHSC ⁄ GEIS has supported over 46 training seminars, reaching over 2900 public health practitioners from 53 countries.
In the fall of 2007, the Institute of Medicine (IOM) published a comprehensive review of the first year of activities funded by HR 1815. 31 The committee commended the AF-HSC ⁄ GEIS network for its expansion efforts undertaken. The full report suggested improving domestic and international coordination of surveillance efforts and improving the bi-directional communication with field surveillance sites. To that end, AFHSC ⁄ GEIS has established closer working relations with other domestic agencies, most notably the CDC, Department of Health and Human Services (DHHS), and Department of State through meetings that align missions and surveillance efforts. The AFHSC ⁄ GEIS program is also actively seeking to improve coordination with the WHO and other international agencies to enable its network to most effectively contribute to global influenza surveillance efforts.
Conclusions and future directions
The DoD global influenza surveillance system strives to be a valuable asset to the DoD and the global public health community. Its specimen catchment area includes regions noted for their regular contribution to global strain circula- tion, such as Southeast Asia and regions from which strain circulation information is limited, including South America, Africa and the Middle East. 32 Since the system's initial expansion in 1998, samples from the DoD network have contributed significantly to the annual and pandemic vaccine composition, three times being selected as seed viruses. The detection of the first four cases of a pandemic (H1N1) 2009 influenza virus in the USA has led to an additional contribution in pandemic vaccine development. 16, 17, [24] [25] [26] As a contributor to the WHO's GISN, the DoD system is unparalleled in scope. A key feature of this surveillance system is that it is laboratory-based (e.g. providing pathogen-specific laboratory testing and confirmatory data) and encompasses a large network of military and civilian health facilities, research laboratories, and field locations that accrue specimens from nearly 500 participating sites in 75 countries around the world. This extensive network is positioned to detect the emergence of significant mutations in the pandemic (H1N1) 2009 influenza virus as they emerge. With the responsibility of conducting surveillance in many regions across the world, this network must also grapple with difficult but important issues. Paramount among these is the issue regarding the ownership of viruses sent to the WHO at the request of the Indonesian Ministry of Health and the development and sharing of vaccines from these viruses. 33 As a WHO partner in this emerging debate regarding domestic sovereignty of viruses, the DoD is committed to a constructive resolution that balances domestic rights with global public health needs.
Recent congressional supplemental funding has enabled a significant expansion in capability, geographic coverage and in the commencement of new initiatives. The IOM review 31 recognized the AFHSC ⁄ GEIS program for contributing to the development of laboratory and communications infrastructure within partner countries as well as for building DoD and host-country laboratory and human resource capacity that resulted in expanded information about avian influenza and acute respiratory diseases. Major new undertakings have included the expansion of host-country civilian and military laboratory diagnostic and training capacity, the propagation of multi-pathogen screening technologies, development of new, high-throughput, diagnostic detection platforms, and significant expansion into austere, low-resource settings previously under-represented by global surveillance efforts.
Disclaimer
The opinions and assertions contained herein are solely those of the authors and do not reflect the official policy or position of the US Department of Defense (DoD) or of its subordinate services (Army, Navy or Air Force) medical authorities.
Financial support
This study was supported by the US Military's Defense Health Program funding of the DoD Global Emerging Surveillance and Response System (DoD-GEIS) and the Armed Forces Health Surveillance Center (AFHSC).
